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The non-invasive nature of faecal glucocorticoid metabolite (FGM) assessment means that
sample collection is on an opportunistic basis and samples cannot always be collected
immediately upon defection during field studies. Faeces that have been exposed to heat and
moisture may not accurately reflect levels of FGM.Our study exposed male (n = 3) and female
(n = 3) Grevy’s zebra (Equus grevyi) faeces to six environmental conditions to simulate a
range of weather and seasonal patterns (temperate climate, high heat, high heat and rainfall,
temperate climate and rainfall, high heat/temperate climate and freeze/thaw) over a period of
five days. FGMs were quantified using an enzyme linked immunoassay. Results showed that
environmental conditions do impact upon FGM levels over time, particularly in conditions
that include high heat; however, regardless of environmental exposure, metabolites remain
similar to baseline levels for up to 8 h.We recommend that the investigation of environmental
factors on sample integrity should be carried out as a validatory step when planning studies
involving FGM analysis in any species.
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INTRODUCTION
The Grevy’s zebra (Equus grevyi) is estimated
to have declined by more than 50% over the
past 18 years. This is due to reduction of water
sources, habitat loss, disease and competition for
resources. It is now listed as endangered, with the
current total population estimated at 750 mature
individuals (Moehlman, Rubenstein & Kebede,
2013). Conservation actions are now in place
for the species, including the development of a
national conservation strategy in Kenya. In addi-
tion, several other conservation studies, focused
on wild populations and including issues such
as community conservation (Low, Sundaresan,
Fischhoff & Rubenstein, 2009), protection of habi-
tat and species monitoring (Williams, 2002) are
now also in place.
To support conservation efforts and to effectively
mitigate against losses, there is a need to under-
stand the factors that may be leading to the decline
of this iconic species. Conservation physiology is
one tool that can achieve this goal and it provides a
mechanism to assess population health and how
an animal perceives or is challenged by its envi-
ronment (Wikelski & Cooke, 2006). If homeostasis
is threatened, then the biological response might
include elevated concentrations of circulating
adrenal steroids (Sapolsky, Romero & Munck,
2000). Biomarkers, such as faecal hormone
metabolite analysis, can assess physiological
status or the response of an individual to short and
long-term environmental challenges, and assess
the impact of management interventions (Wikelski
& Cooke, 2006; Cooke et al., 2013; Madliger et al.,
2016). Faecal glucocorticoid metabolite (FGM)
analysis is a frequently used biomarker for health
and stress in wild animals and it is now broadly
accepted as an effective, non-invasive method of
monitoring adrenal activity (Wasser et al, 2000;
Mostl & Palme, 2002; Sheriff et al., 2011; Watson
et al., 2013). However, care must be taken when
interpreting the results of FGM analysis. For
example, a decline in adrenal steroids is often
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interpreted as being indicative of acclimation to
stressors, or their absence. However, declines in
adrenal steroids may also occur through intrinsic
controls which prevent them from remaining ele-
vated for prolonged periods even under ongoing
stress (Smith & Dobson, 2001). This issue was
demonstrated in a study which assessed the
profiles of both adrenal and gonad conjugates (a
measure of biological cost) in the faeces of black
rhinoceros (Diceros bicornis) and white rhinoceros
Ceratotherium simum) (Linklater et al., 2010).
Both adrenal and gonadal profiles were tempo-
rarily elevated after capture and during captivity
for translocation (Linklater et al., 2010). Corticoid
levels did then decline but instead of returning
to pre-capture levels, they became supressed
below pre-capture levels. As the rhinoceroses
were still displaying behavioural signs of stress
(aggression and flight response) and supressed
gonad hormone levels, it was hypothesized that
corticoid suppression was due to intrinsic control
and not acclimation (Linklater et al., 2010). This
study highlights the complex nature of assessing
the physiology of wild animals and the importance
of using robust and appropriate methods.
Adrenal activity has previously been monitored
in free-ranging plains (Equus burchelli ) and
Grevy’s zebras. In the latter, Franceschini et al.
(2008) used FGM to demonstate an initial eleva-
tion in adrenal activity post-translocation and
capture (at 3–6 weeks), but with concentrations
returning to pre-capture concentrations following
release 11–18 weeks later. In the plains zebra,
Fourie (2012) demonstrated the important links
between sex, group size and adrenal activity; with
males in larger groups exhibiting higher FGM
levels than males in small groups, and FGM con-
centrations in females not differing between bands
of different sizes. Due to the nature of these stud-
ies, beyond time from defaecation, no attempt has
been made to evaluate the potential effects of envi-
ronmental factors on faecal hormone concentra-
tions. However, for research where immediate
sample collection is not possible or where collec-
tion takes place across seasons, there is a need to
understand the potential environmental impacts
on hormone concentrations.
If the integrity of samples over time and during
exposure to various climatic variables is investi-
gated, then guidelines can be developed on appro-
priate sample collection. A study by Washburn &
Millspaugh (2002) found that white-tailed deer
(Odocoileus virginianus) faeces that had been
exposed to rainfall had artificially inflated FGM
levels. By contrast, jaguar (Panthera onca) faecal
samples exposed to sunlight did not show a
change in FGM concentrations (Mesa-Cruz et al.,
2014). However, wet conditions altered metabolite
levels after five days of exposure (Mesa-Cruz
et al., 2014). Consequently, the authors sugges-
ted running sample transects every three to four
days in both wet and dry seasons (Mesa-Cruz
et al., 2014).
Whilst the impact of field conditions on sample
integrity has been studied in feral horses (Equus
caballus) (Linklater et al., 2000), there are no
published protocols that account for the effects of
enivironmental variables on FGM analysis in
Grevy’s zebra. Significantly, the natural habitat of
the species has climatic variability that encompass
both periods of moderate and high heat and rain-
fall.
Our study was carried out to inform the sampling
protocol of a larger study which included long-term
sampling of zebra faeces for FGM analysis. The
impact of time, and six simulated environmental
conditions upon glucocorticoid metabolite con-
centration in the faeces of both male and female
Grevy’s zebra were investigated.We hypothesized
that exposure to heat and moisture would result in
fluctuation of faecal metabolite levels.
METHODS
Faecal sample collection
Faecal samples were collected from three male
and three female captive adult Grevy’s zebras who
are part of the European Endangered Species
Breeding Programme at Chester Zoo, United
Kingdom.Zebras were observed for 1 h in total and
samples were collected immediately upon
defaecation. At least two samples per individual
were collected with 100 g of faecal matter retrieved
each time faeces were produced. This was to
ensure that enough faecal matter was available for
the study from all individuals.Diet at the time of col-
lection consisted of 1 kg zebra cubes (Nutrazu)
and 5.7 kg grass hay per animal per day with ad
libitum water. Faecal samples were stored in a
cooler bag for transportation to the laboratory and
arrived within 2 h of deposition.
Simulated environmental conditions
A modified version of the method used by
Washburn & Millspaugh (2002) was employed
in our study. Immediately upon arrival at the
laboratory, the faecal samples were pooled and
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homogenized in two groups (1, male zebras; 2,
female zebras). A sub-sample of ~10 g was taken
from each group and frozen at –20°C to provide
our pre-environmental treatment baseline (time 0).
The remaining faeces in each of the two groups
were separated into ~250 g sub-samples and each
sub-sample was randomly assigned to one of
six environmental simulation treatments which
were: 1) room temperature (samples kept at
15°C), 2) high heat (samples kept in an oven at
36°C to simulate summer conditions), 3) rain-
fall/room temperature (25 ml of rainwater every
other day and kept at 15°C), 4) rainfall/high heat
(25 ml of rainwater every other day and kept in an
oven at 36°C), 5) high heat/room temperature
cycle (samples kept at high heat in an oven at 36°C
for 12 h and then at room temperature at 15°C for
12 h over; simulating summer heat and nightime
cooling) and 6) freeze/thaw cycle (samples frozen
for 12 h at –20°C and then placed in an oven at
36°C simulating winter cold and daytime warming).
Sampling protocol
For treatments 1–4, a sub-sample of 10g was
removed from both the male and female groups at
2 h from the baseline sample and then at 4 h, 6 h,
8 h, 12 h, 24 h, 36 h and 48 h intervals from base-
line sample. For treatments 5 and 6, a 10g sub-
sample was removed from both the male and
female groups at 12 h post-baseline sample and
then at 24 h, 36 h, 48 h and 60 h. All sub-samples
were placed into plastic sample bags and labelled
according to their treatment, time removed and
sex and frozen at –20°C until analysis.
Rainwater was collected in the week leading up
to the study and stored in a refrigerator until it was
applied to the relevant samples. We introduced a
total of 4 ml of rainwater to treatment 3 and 5 ml to
treatment 4 split into four applications (every 12 h)
over the 72 h treatment period. Rainfall was calcu-
lated from mean daily rainfall at Kakamega
weather station, Kenya, during August and Febru-
ary, respectively, when temperatures and rainfall
would be comparable to our simulations (Kenya
Meteorological Service, 2015). Rainwater was
applied using a small watering can.
To account for moisture loss and to standardize
the weight of faecal sub-samples, each sub-
sample removed was weighed and then divided
by the number of remaining sub-samples to be
collected. Throughout the experiment, faecal
samples in treatments 1, 2, 5 and 6 were kept in
13 cm ×13 cm Petri dishes and samples in the rain-
fall treatments 3 and 4 were kept in 15 cm diameter
sieves to allow slow drainage of water.
Room and incubator temperatures were moni-
tored every 5 min throughout the experiment using
a Lascar data logger (Thermosense, U.K.). Mean
room temperature throughout the experimental
period was 14.9 ± 2.1°C, oven temperature was
36.2 ± 0.75°C and freezer temperature was –20 ±
0.05°C.
Faecal glucocorticoid metabolite (FGM) assay
and statistical analysis
Hormones were extracted from faecal samples
following thawing and manual homogenization
using a wet-weight shaking extraction adapted
from Walker, Waddell & Goodrowe, (2002) and
described by Wong et al. (2016). Faecal extracts
were stored until analysis on a previously
described corticosterone antibody (CJM006 sup-
plied by Coralie Munro; UC Davis). The Enzyme-
linked immunosorbent assay (EIA) was validated
for measuring corticosterone metabolites in
Grevy’s zebra faeces, through parallelism (male
R 2 = 0.96, F(1,7) = 197.09, P < 0.001; female R
2
=
0.95, F(1,7) = 123.57, P < 0.001). Additionally, there
was no evidence of matrix interference, as addition
of diluted faecal extract to the standards did not
alter the amount expected (male R 2 = 0.99, F(1,7) =
577.22, P < 0.001; female: R 2 = 0.99, F(1,7) =
2824.85, P < 0.001).
Cross-reactivities for the assay are published
elsewhere (Watson et al., 2013) and only data with
intra-assay CoV of less than 10% and inter-assay
CoV of less than 15% were accepted and used for
statistical analysis.
All data were analysed using IBM, SPSS V23
statistical software and are presented as mean ±
S.D.
RESULTS
An independent t-test was used to investigate any
significant difference in FGM levels between sexes
for each treatment group. No significant difference
between sex was observed in any of the treatment
groups (room temperature t(38) = 2.4, P = 0.09, high
heat t(38) = 1.7, P = 0.09, rainfall/room temp t(42) =
2.1, P = 0.06, rainfall/high heat t(42) = 1.9, P = 0.06,
high heat/room temperature t(22) = 1.7, P = 0.09,
freeze thaw t(26) = 1.3, P = 0.2), therefore a repeated
measures ANOVA was used to compare pre-
treatment (time 0) with post-treatment samples
(hours >2 to up to 60 h).
Three of the treatments demonstrated a signifi-
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cant change in FGM concentrations over time.
Firstly, during the high heat treatment, there was a
significant increase in mean FGM metabolite con-
centrations compared to time 0 (28.8 ± 7.8 ng/g) at
24 h post-defaecation (44.2 ± 3.7 ng/g; Wilks
Lambda = 0.52, F(3,1), P = 0.02, multivariate partial
eta squared = 0.47); FGM concentrations contin-
ued to rise to 68 ± 2.0 ng/g at 48 h post-defaeca-
tion (Fig. 1). Similarly, during the high heat/
room temperature treatment, FGM concentrations
increased. However, these increases were not
significantly elevated above that of time 0 (29.8 ±
7.8) until 48 h post-defaecation sampling point
(Wilks Lambda = 0.000, F(3,1), P = 0.02, multivariate
partial eta squared = 0.10). Metabolite levels
increased from 30 ± 3.1 ng/g at the 12 h sample
point to 58.6 ± 4.1 ng/g at the 48 h sample point
and continued to rise to 88.3 ± 28.4 ng/g at the 60 h
post-defaecation sampling point (Fig. 1). By con-
trast, the rain/high heat treatment FGM concentra-
tions decreased compared to time 0 (29.8 ±
7.8 ng/g) and were significantly lower at 12 h
post-defaecation (17.1 ± 6.6 ng/g) Wilks Lambda =
0.003, F(3,1), P = 0.001, multivariate partial eta
squared = 0.99); FGM concentrations continued to
fall to ~60% of concentations at time 0, reaching
10.8 ± 1.2 ng/g at 36 h post-defaecation.
There was no significant effect of time on FGM
levels for the rain/room temperature treatment
(mean 18.2 ± 5.) ng/g; Wilks Lambda = 0.05, F(3,1),
P = 0.3) or the freeze/thaw treatment (mean
25.88 ± 5.8 ng/g; Wilks Lambda = 0.001, F(3,1), P =
0.1). Similarly, there was no significant effect of
time on FGM for the room temperature treatment
(Wilks Lambda = 0.09, F(3,1), P = 0.12). However,
the direction of the trend in the change of FGM was
similar to the high heat and high heat/room tem-
perature treatments, with FGM increasing from the
24 h sampling point (42.7 ± 7.2 ng/g) to a numeri-
cal maximum of 62.5 ± 37.6 ng/g at the 48 h
sampling point (Table 1).
DISCUSSION
Our results indicate an optimal window of less than
8 h for sampling Grevy’s zebra faeces if adrenal
activity is to be measured.
The simulated environmental treatments that
included high heat had an impact upon FGM
levels. Washburn & Millspaugh (2002) suggested
that biochemical processes, such as the cleavage
of conjugate side groups from hormone metabo-
lites or the release of faecal glucocorticoids from
lipid micelles, may increase faecal glucocorticoid
metabolite levels. This may also be the case in our
study with both the consistant high heat and alter-
nating high heat/room temperature treaments
demonstating rising concentrations of FGM. The
prescence of high heat may have provided a
favourable growth environment for microbes,
causing the increase in FGM.
Constant high heat produced a greater increase
within a shorter period of time (44.2 ng/g and
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Fig. 1. Mean faecal metabolite concentration over time for the high heat, rain and high heat and high heat and room
temperature treatments.
68.8 ng/g at the 24 and 48 h post-defaeca-
tion) than the intermittent high heat treatment
(35.9 ng/g and 58.6 ng/g at 24 and 48 h post-
defaecation). This has implications for field-based
sampling in similar climatic conditions. Studies
taking place during seasons of hot weather, with
limited rainfall, may result in the degredation of
samples over a shorter period of time. In the
current study, the room temperature treatment,
although not significant, also demonstrated an
increasing trend in in FGM levels over time. There-
fore, it is not unexpected that the combined high
heat/room temperature showed a rise in FGM over
time.
The simulated rain conditions were conducted at
both room temperature and with heat. Given that
both the heat and room temperature treatments
showed an increase in FGM, it was unexpected to
see no change, or a downward change, with the
addition of rain. It is worth noting that the current
study was carried out in a laboratory which
removed some potential sources of variation
found in the field (wind, sunlight, insect activity).
Grevy’s zebras usually produce faeces in the form
of large droppings with a hard outer layer. The mix-
ing of the faeces from individuals during our study
may have removed some of the outer covering,
which could offer some degree of protection from
the elements in field conditions. Nevertheless, our
work has shown that exposure to rainwater or
heat, both found in field conditions, does impact
upon metabolite levels. However, repeating the
manipulations under field conditions may yield fur-
ther information that could be used to refine the
sampling methodology.
Freezing and thawing faecal samples had no
impact on FGM levels and concentrations re-
mained stable (25.88 ± 5.8 ng/g) up until 60 h
post-defaecation. This is to be expected as a part
of the current recommended sampling protocol is
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Table 1. Mean (±S.D.) faecal metabolite levels at each sampling time point for each of the treatments where no
significant change was observed.
Treatment Time post-collection (h) Mean (±S.D.) FGM
Room temperature Baseline 29.9 (7.8)
>2 30.7 (4.4)
4 21.3 (3.1)
6 21.0 (2.7)
8 22.5 (1.0)
12 28.9 (2.3)
24 42.7 (7.2)
36 34.5 (5.7)
48 62.5 (37.6)
60 58.5 (16.5)
Rain/room temperature Baseline
>2 23.9 (5.8)
4 23.1 (5.7)
6 13.3 (1.1)
8 12.2 (0.6)
12 15.6 (1.3)
24 20.8 (3.6)
36 16.4 (3.8)
48 14.9 (1.3)
60 17.6 (2.7)
Freeze/thaw Baseline 29.8 (8.4)
>2 22.8 (6.7)
12 21.1 (1.99)
24 25.2 (3.6)
36 31.7 (1.9)
48 24.2 (0.5)
60 28.5 (1.3)
to freeze samples until analysis. In this case, the
12 h at room temperature before samples were
reintroduced into frozen storage did not impact
upon FGM levels. Freezing conditions are not
expected in the natural habitat of Grevy’s zebra
but may be applicable where samples are required
for additional or multiple hormone analysis.
Based on the findings of our study, we suggest
that any planned adrenal monitoring using faecal
samples needs to consider the impact of climate
on the integrity of the samples. In addition, we
would encourage similar work together with assay
validation for other species.
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